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Abstract 





The objective of this paper is focused on turning of AISI D3 Steel using coated cemented carbide tool 
cutting inserts. The experiments were performed on a KIROLOSKAR model center lathe using three input 
cutting parameters, cutting speed, feed and depth of cut. Hardened steels are most widely used in 
multifarious industrial applications like tool design and mould design. The output responses measured 
were surface roughness (Ra), Interface temperature and material removal rate (MRR). In present study, 
the Taguchi technique has been used to optimize the controllable process parameters for AISI D3 cold 
work turning tools then the interaction effects of various hard turning parameters on each response were 
also studied using analysis of variance (ANOVA) and interaction plots. Further a regression is modelled 
as a function of cutting parameters to predict values for surface roughness in comparison with 
experimental values within reasonable limits. Based on the main effects plots and signal to noise ratio 
(S/N) obtained through Taguchi's approach, were used to relate the optimum level for surface roughness 
chosen from the considered there levels of cutting parameters. 

Keywords: AISID3 steel, ANOVA , Taguchi, MRR etc. 





1. Introduction reduced environmental impact. Increase in 


The important goal in the modern industries is to 
manufacture the product with lower cost and with 
high quality in short span of time. There are two 
main practical problems that engineers face in a 
manufacturing process, the first is to determine the 
values of process parameters that will yield the 
desire product quality (meet technical 
specifications) and the second is to maximize 
manufacturing system performance using the 
available resources. The challenge of modern 
machining industry is mainly focused on 
achievement of high quality ,in terms of work 
piece dimensional accuracy, surface finish ,high 
production rate, less wear on the cutting tools 
economy of machining in terms of cost saving and 
increase the performance of the product with 
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productivity and the quality of the machined parts 
are the main challenges of metal based industry. 
There has been increased interest in monitoring all 
aspects of machining process. Surface finish is an 
important parameter in manufacturing engineering 
it is a characteristic that could influence the 
performance of mechanical parts and_ the 
production costs. Surface roughness has become 
the most significant technical requirement and is 
an index of product quality in order to improve the 
tribological properties, fatigue strength, corrosion 
resistance and aesthetic appeal of the product 
reasonably good surface finish is required. Now a 
day’s manufacturing industries specially 
concerned to dimensional accuracy and surface 
finish. This work reviews in details the literature 
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for a better understanding of the problem discussed 
in this area. T. Tamizharasan, J. Kingston 
Barnabas, “optimization of parameters in hard dry 
turning using doe, de and pso”. The objective of 
this investigation is to obtain an optimal setting of 
product and process parameters in turning for 
minimizing the flank wear of tool and for 
improving the surface finish of the manufactured 
Component . HM Somasekhara, Lakshamana 
Swami, “optimizing surface roughness in turning 
operation using Taguchi method and ANOVA” 
,the objective of this paper is to obtain a optimal 
setting of turning parameters ( speed, feed and 
depth f cut) which results in an optimum value of 
surface roughness while machining Al 6351 T6 
alloy using uncoated carbide inserts by applying 
genetic algorithm . [1-4] Hari Singh, Pradeep, 
optimizing cutting force for turned parts for 
Taguchi’s parameters design approach, the 
objective of this paper is to obtain the optimum 
setting of turning process parameters cutting 
speed, feed and depth of cut resulting in an 
optimum value of cutting force while machining 
En 24 alloy steel with Tic coated carbide inserts. 
Varaprasad Bhemuni, SrinivasaRao 
Chelamalasetti, Siva Prasad Kondapalli, “Effect of 
Machining Parameters on Tool Wear and Nodal 
Temperature in Hard Turning of AISI D3 Steel”, 
this paper attempts has been made to develop a 
model and predict the tool wear and nodal 
temperature of hard turned AISI D3 hardened steel 
using Response Surface Methodology (RSM). J.S. 
Durejaa, Rupinder Singha&Manpreet S. Bhattib , “ 
Optimizing flank wear and surface roughness 
during hard turning of AISI D3 steel” by Taguchi 
and RSM methodsthis paper investigate tool wear 
(flank wear) and surface roughness during finish 
hard turning of AISI D3 steel (S8HRC) with 
coated carbide (TiSiN-TiAINcoated) cutting tool. 
Taguchi L9 (3)3 orthogonal array has been applied 
for experimental design. S/N ratio and ANOVA 
analyses were performed to identify significant 
parameters influencing tool wear and _ surface 
roughness. Esmaeil Soltani, HesamShahali an 
investigation of surface roughness and main 
cutting force during the hard turning of AISI d3 
tool steel using ceramic tools, this paper depicts 
The combined effects of four machining 
parameters, including cutting speed, feed rate, 
hardness and tool corner radius were investigated 
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based on two performance — characteristics 
involving surface roughness and main cutting 
force. Central composite design (CCD) was 
applied as experimental design. R.K.Suresh, 
P.Venkataramaiah, G.Krishnaiah depicts that 
approach basedon Grey relational analysis and 
Desirability function analysis for optimizing the 
process parameters during turning of AISI 8620 
alloy steel with CVD coated tool with multiple 
performance characteristics. Experimentation were 
carried out on a CNC lathe using L9 orthogonal 
array based on Taguchi design of experiments. The 
optimal turning parameters are determined by 
composite desirability index and grey relational 
grade. Analysis of variance (ANOVA) is used to 
determine the influence of parameters which 
significantly affect the responses. The objectives 
of present work are: Conducting experimentation 
by application of orthogonal array for design of 
experiments and implementing Taguchi method 
for finding the effect of cutting parameters To 
develop a Regression model using MINITAB 16 
software and compare with the experimental 
roughness values.[5—9]. 
2. Experimental Procedure 

An engine lathe was used for conducting 
the experiments. AISI D3 a cold work steel was 
used as the work material and CVD coated 
cemented carbide was used as the cutting tool. The 
average surface roughness on the work piece was 
measured using SV-C4500 surface roughness 
measuring instrument. The experimentation of this 
work was based on Taguchi's design of 
experiments have to be carried out when the 
number of the process parameters increases. In this 
work, three cutting parameters namely, spindle 
speed, depth of cut and feed rate were considered 
for experimentation. Accordingly there are three 
input parameters and for each parameter three 
levels were assumed. For three factors, three level 
experiments, Taguchi had specified L9 orthogonal 
array experimentation was recorded and further 
analyzed. Table | shows the parameters and their 
levels considered for experiment. The tests were 
carried for a work piece bar of 40mm Diameter 
and 70mm length in a KIROLOSKAR model 
center lathe using three input cutting parameters, 
cutting speed, feed and depth of cut. CVD coated 
cemented carbide for the different alloying 
elements of AISI D3 a cold work steel are shown 
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in Table 2 & 3. The various 
of AISI D3 cold work steel 


Mechanical properties 
are shown in Table 4. 


The various properties of AISI D3 cold work steel 


are shown in Table 5 The 


cutting parameters of 
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machining of AISI D3 cold work steel are cutting 
speed, depth of cut and feed are taken as shown in 
tablel.The Physical Properties of AISI D3 Cold 
Work Steel is shown in table 5. 


Table 1: The process parameters and their levels 



















































































Cutting Parameters Level 1 Level 2 Level 3 
Spindle Speed(rpm) 450 710 1120 
Feed(mm/rev) 0.05 0.071 0.09 
Depth of cut(mm) 1.0 1.5 2.0 

Table 2: Chemical composition of AISI D3 cold work Steel 
Elements C Si Mn Cr P S Ni M Al B 
% 2.179 | O.S11 | O.511 | 12.634 | 0.027 | 0.021 | 0.050 | 0.178 | 0.042 | 0.065 
Table 3: CVD- coating constituents 
Type of constituent Acronym Properties 
MT-Ti (C, N) modern titanium carbonitride | Its hardness provides abrasive wear 
coatings resistance, resulting in reduced flank wear 
CVD-ALO;3 Alumina coatings (Al203) Chemically inert with low thermal 
conductivity, making it resistant to crater 
wear. It also acts as a thermal barrier to 
improve plastic deformation resistance 
CVD-TiN titanium carbide coating (TiC) | Improves wear resistance and is used for 
wear detection 

















Table 4: Mechanical Properties Of AISI D3 Cold work Steel 











Properties Metric Imperial 
Izod impact un-notched 28.0 J 20.7 ft-lb 
Poisson's ratio 0.27-0.30 0).27-0.30 
Elastic modulus 190-210 GPa 27557-30457 ksi 
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Table 5: Physical Properties of AISI D3 Cold Work Steel 


Properties Metric Imperial 
Density 7.7 x 1000 kg/m3 0.278 Ib./in3 
Melting point 1421°C 2590°F 


The design of experiments (DOE) is an 
effective approach to optimize the throughout in 
various manufacturing —related processes. The 
DOE had been implemented to select minimum 
2.1 Experimental details and specification 


Machine tool 
Work material 
Cutting tool 
Available cutting parameters and ranges 
Speed V (rpm) 
Feed rate (mm/rev) 


Depth of cut (mm) 1.0, 1.5, 2.0 


450, 710, and 1120 
0.05, 0.071, 0.09, 


surface roughness of cylindrical work piece and 
cutting force is investigated the L9 orthogonal 
arrays was selected for this study. 


Kiroloskar Centre Lathe 
nAISI D3 cold Working Steel 
CVD cemented carbide tool 


Cutting conditions: Dry cutting & minimum quantity LUBRICATION 


3. DESIGN OF EXPERIMENT 


In order to achieve the desired aim, the 
investigations were planned to be carried out in the 
following steps. 


1. Identifying the machining parameters 

2. Selection of useful limits of the cutting 
parameters namely speed, feed and depth of cut. 

3. Developing the design matrix 


4. Conducting the experiment as per the Taguchi 
design matrix 

5. Testing the significance of regression co- 
efficient and arriving at the final form of the 
mathematical models. 


6. Presenting the main effects and significance 
interactions between different in the graphical forms 
7. Analysis of results and conclusions 


A design of experiment is a structured, organized 

method for determining the relationship between 

factors affecting a process and the output of that 

process 

1. Conducting and analyzing controlled tests to 
evaluate the factors that control the value of 
parameter or a group of parameters 

2. Design of experiments refers to experimental 
methods used to quantify indeterminist 
measurements of factors and interactions between 
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factors statistically through observance of forced 
changes methodically as directed by 
mathematically systematic tables 


Design of experiment techniques 

1. Factorial designs 

2. Response surface methodology 

3. Mixture design 

4. Taguchi design 
Among those we had selected taguchi design for 
optimizing surface roughness in turning operation. 
4. RESULTS AND DISCUSSIONS 


Taguchi’s emphasis on minimizing 
deviation from target led him to develop measures 
of process output that incorporate both the location 
of the output as well as the variation. These 
measures are called Signal to noise ratio. The 
Signal to Noise ratio provides the measure of the 
impact of noise factors and performance. The 
larger S/N, the more robust the product is against 
noise. Calculation of S/N ratio depends on 
experimental objective AISI D3 cold working steel 
and CVD coated cemented carbide tool. For the 
corresponding response surface roughness the 
signal to noise ratio and means are calculated by 
using the formula which is the lower the better 
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value. The result obtained is tabulated as shown in 
the table 6.From the table 6 Depth of cut has the 
higher value of 14.7285 than speed and feed.so, 
Depth of cut affects the surface roughness. From 
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the table 7 depth of cut has the higher value of 
9.0473 than speed and feed.so, Depth of cut affects 
the surface roughness. The Response table for 
signal to noise ratio (Dry) is shown in table 8. 


Table 6 : Response table for signal to noise ratio LUBRICATION) 

















































































































Level Speed (rpm) Feed (mm/rev) Depth of cut(mm) 
1 0.9006 -1.4446 4.4767 
2 -0.4591 -0.9194 2.8305 
3 -3.3862 -0.5807 -10.2518 
4 4.2868 0.8639 14.7285 
Rank Z 3 1 
Table 7: Response table for signal to noise ratio (Dry) 
Level Speed (rpm) Feed (mm/rev) Depth of cut (mm) 
1 2.100 0.3794 4.4258 
2 0.9856 -0.9396 2.3281 
3 -0.9531 2.6927 -4.6214 
4 3.0530 3.6322 9.0473 
Rank 3 ps iP 
Table 8: Response Table for Means (LUBRICATION) 
Level Speed (rpm) Feed (mm/rev) Depth of cut (mm) 
1 1.0567 2.2433 0.6000 
2 1.4667 1.5000 0.7400 
3 2.4000 1.1800 3.5833 
Delta 1.3433 1.0633 2.9833 
Rank 3 1 2 
Table 9 : Response Table for Means (Dry) 
Level Speed (rpm) Feed (mm/rev) Depth of cut (mm) 
1 0.8633 1.5200 0.6167 
2 0.9933 1.2000 0.8267 
3 1.6033 0.7400 2.0167 
Delta 0.7400 0.7800 1.4000 
Rank 3 Z it 
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The table 8 &9 indicates the Response 
table means of lubrication and Dry condition. The 
table 10 shows the linear model of process 
parameters, Analysis of variance is concerned with 
determining whether variances in two or more 
populations are significantly different. The 
experimental results were analysed with the 
analysis of variance (ANOVA), which is used to 
investigate design parameters significantly affect 
the quality characteristic. This is too accomplished 
by separating the total variability of the S/N ratio, 
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which is measured by the sum of squared 
deviations from total mean S/N ratio, into 
contributions by each of the design parameters and 
the error. The result of ANOVA on the surface 
roughness (Ra) is shown in the following Table 
11& 12. Ra versus speed (s) ,feed (f) and depth of 
cut (d) and interactions of parameters is also 
allowed to determine the effect of any two cutting 
parameters where as other parameter is maintained 
constant throughout the design of experiment. 


Table 10: Linear Model 


















































Factor Type levels Values 
Spindle Speed(s) Fixed 3 1, 2,3 
Feed (f) Fixed 3 1, 2,3 
Depth of cut (d) Fixed 3 1, 2,3 
Table 11: Percentage contribution table (LUBRICATION) 
Degrees of sum of Mean of 
Source F-Ratio % contribution 
freedom squares squares 
Speed 2 2.8408 1.4204 1.0628 11.6927 
Feed 2 1.7808 0.8904 0.66624 7.3298 
Depth of cut 8.005 6.3604 70 
2 17.008 
Error 2 2.6729 1.33645 11 
Total 8 24.3025 100 
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Table 12: Percentage contribution table (Dry) 




















Source Degrees of sum of Mean of F-Ratio % 
freedom squares squares contribution 
Speed 2 0.9364 0.4682 0.65 12.11 
Feed 2 1,9355 0.9677 1.3479 25.04 
Depth of cut 
(mm) 2 3.42 1.71 2.3819 44.25 
Error Z 1.4359 0.7179 18.58 
Total 8 7.7278 100 























Main Effects Plot for Means 


Data Means 
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Fig.1. Main Effects Plot for Means (LUBRICATION) 


International Research Journal on Advanced Science Hub (IRJASH) 40 


www.rspsciencehub.com 


Main Effects Plot for SN ratios 
Data Means 
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Fig.2. Main Effects Plot for S/N ratios (LUBRICATION) 
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Fig.3.: Main Effects Plot for Means (Dry) 
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Main Effects Plot for SN ratios 
Data Means 
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Mean of SN ratios 
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Fig.4. Main Effects Plot for S/N ratios (Dry) 


From the Fig | main effect plots for Means vs 
Speed, Feed, depth of cut. On this Speed (450), 
feed (0.050), Depth of cut (1.5) the surface 
roughness will be minimum. The Fig. 2 is drawn 
by the mean of signal to noise ratio vs Speed, 
Feed, Depth of cut. The signal to noise ratio should 
be minimum. So, in this 
speed(450),Feed(0.050),Depth of cut (1.5) the 


surface roughness will be minimum.The Fig.3. 
shows the mean of means vs speed, feed, depth of 
cut in dry condition. On this speed(1120), 
feed(0.050), depth of cut(2.0) the surface 
roughness will be minimum. The Fig.4. Shown 
Main Effects Plot for S/N ratios (Dry). The Table 
13 & 14 shows the predicted and experimental 
roughness at lubrication and dry conditions. 


Table 13: Response table for predicted and experimental roughness (LUBRICATION) 



































Seed Genii) Feed(mm/rev) Depth of Exp Predicted 
cut(mm) Ra(um) Ra(um) 
450 0.05 1.0 0.53 0.39 
450 0.071 15 0.72 0.95 
450 0.09 2 1.92 1.78 
710 0.05 1.5 0.55 1.23 
710 0.071 2 3.18 257 
710 0.09 1 0.67 0.45 
1120 0.05 2 5.05 3.22 
1120 0.071 1. 0.60 0.65 
1120 0.09 1.5 0.95 1.49 
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Table 14: Response table for predicted and experimental roughness (Dry) 



































Speed(rpm) Feed(mm/rev) Depth of cut(@mm) | Exp Ra(um) | Predicted Ra(um) 

450 0.05 1.0 0.44 0.51 
450 0.071 15 1.31 0.8 
450 0.09 2 0.84 1.10 
710 0.05 1.5 0.56 1.09 
710 0.071 2 1.65 1.44 
710 0.09 1 0.77 0.48 
1120 0.05 2 3.56 1.97 
1120 0.071 1. 0.64 0.63 
1120 0.09 | Fe 0.61 1 

















4.1. Signal Factors Influence On RA for the tool 
CVD on AISI D3 Cold Working Steel 


The plots consisting of mean effects for 
S/N Ratio and interaction plot for means, smaller- 
is-better (S/N Ratio) is selected as an objective of 
performance characteristics for minimizing the 


target Ra of signal factors speed, feed and depth of 
cut. Among the machining parameters Feed is the 
most influence parameter. For surface roughness 
(Ra).The table 15&16 shows the optimized results 
for AISI D3 on CVD tool at Lubrication and dry 
conditions for machining process. 


Table 15: Optimized table obtained for AISI D3 on CVD tool (LUBRICATION) 





























Control factors Speed(s)rpm Feed (f) mm/rev Depth of cut(d) 
mm 
Surface roughness (Ra) um 450 0.09 1.0 
Table 16: Optimized table obtained for AISI D3 on CVD tool (Dry) 
Control factors Speed(s)rpm Feed (f) mm/rev Depth of cut(d) 
mm 
Surface roughness (Ra) um 450 0.09 1.0 
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5. CONCLUSION 


The analyzed results from turning AISI D3 
Cold Working steel with © CVD coated cemented 
carbide inserts revealed the following conclusions. 

> Taguchi is an efficient and systematical 
methodology for optimizing — turning 
parameters and can be utilized rather than 
engineering judgment. 

> It is observed that feed is the most 
influential controlling factor on surface 
roughness variation followed by depth of 
cut. 

> Spindle speed is found to be insignificant on 
surface roughness. 

>» The optimal combination of process 
parameters for minimum surface roughness 
is obtained at 450 rpm, 0.09 mm/rev feed 
and 1.00 mm _ depth of cut For 
LUBRICATION Conditions 

> The optimal combination of process 
parameters for minimum surface roughness 
is obtained at 450 rpm, 0.09 mm/rev feed 
and 1.0 mm depth of cut For Dry Condition. 

> The ANOVA re related that the percentage 
contribution of Depth of cut (70%) is the 
dominant parameter followed by Speed 
(11.6927%) for surface roughness For 
LUBRICATION Conditions. 

> The ANOVA re related that the percentage 
contribution of Depth of cut (44.25%) is the 
dominant parameter followed by _ feed 
(25.04%) for surface roughness for dry 
conditions. 

>» The average surface roughness values Ra 
resulted from machining AISI D3 COLD 
WORKING steel with CVD_ coated 
cemented carbide cutting tools is about 1.64 
micro meters For LUBRICATION 

>» The average surface roughness values Ra 
resulted from machining AISI D3 COLD 
WORKING steel with CVD_ coated 
cemented carbide cutting tools is about 1.19 
micro meters for DRY. 

> The fluctuations of Ra values are explained 
by the fact that Ra depends on the turning 
parameters. 

>» The regression model was able to predict 
values for surface roughness’ with 
reasonable degree of approximation. 
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> Using the experimental data, a linear 


regression model is developed and _ the 
values obtained for the response Ra is 
compared with experimental values. A 
graph is plotted between regression 
predicted values and an _ experimentally 
measured values. 

It is observed that the predicted values and 
experimental values of surface roughness 
are close to each other. 
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